Abstract. We study the production of a forward J/ψ meson and a backward jet with a large rapidity separation at the LHC using the BFKL formalism. We compare the predictions given by the Non Relativistic QCD (NRQCD) approach to charmonium prediction and by the Color Evaporation Model. In NRQCD, we find that the 3 S 8 1 part of the onium wavefunction is completely dominating the process. NRQCD and the color evaporation model give similar results, although a discrepancy seems to appear as the value of the transverse momenta of the charmonium and of the jet decrease.
Introduction
The high energy behaviour of QCD in the perturbative Regge limit is among the important longstanding theoretical questions in particle physics. QCD dynamics in such a limit are usually described using the BFKL formalism [1, 2, 3, 4] , which relies on k t -factorization [5, 6, 7, 8, 9, 10, 11] . Many processes have been proposed as a way to probe the BFKL resummation effects which result from these dynamics. One of the most promising ones is the production of two forward jets with a large interval of rapidity, as proposed by Mueller and Navelet [12] . Recent k t -factorization studies of Mueller-Navelet jets [13, 14, 15, 16] were successful in describing such events at the LHC [17] . We propose to apply a similar formalism to study the production of a forward J/ψ meson and a backward jet with a rapidity gap that is large enough to probe the BFKL dynamics but small enough for the meson to be tagged at LHC experiments such as ATLAS or CMS. Although J/ψ mesons were first observed more than 40 years ago, the theoretical mechanism for their production is still to be fully understood and the validity of some models remains a subject of discussions (for recent reviews see for example [18, 19] ). In addition, most predictions for charmonium production rely on collinear factorization, in which one considers the interaction of two on-shell partons emitted by the incoming hadrons, to produce a charmonium accompanied by a fixed number of partons. On the contrary, in this work the J/ψ meson and the tagged jet are produced by the interaction of two collinear partons, but with the resummation of any number of accompanying unobserved partons, as usual in the k t -factorization approach. Here we will compare two different approaches for the description of charmonium production. First we will use the NRQCD formalism [20] , in which the charmonium wavefunction is expanded as a series in powers of the relative velocity of its constituents. Next we will apply the Color Evaporation Model (CEM), which relies on the local-duality hypothesis [21, 22] . Finally we will show numerical estimates of the cross section obtained in both approaches. Further details will be provided elsewhere [23] . Figure 1 . The k t -factorized amplitude for the production of a forward J/ψ meson and a backward jet.
The scattering cross section in
Within the k t -factorization approach for inclusive processes, one writes the cross section as the convolution in transverse momenta of t-channel gluons of the impact factor Φ 1 for J/ψ meson production, the impact factor Φ 2 for the production of the backward jet and the BFKL Green's function G , as illustrated in Fig. 1 . Each impact factor contains itself the convolution, in the longitudinal momentum fraction of a parton from the incoming hadron, of a parton distribution function (PDF) with the vertex for the fusion of this parton and a t-channel gluon into a J/ψ or a jet. Depending on the quantum numbers of the cc pair from which the charmonium will be produced, the upper impact factor may take into account the production of a real gluon. In that case since this gluon will not be tagged, its contribution will be integrated out.
Thus, introducing the azimuthal angles (φ J/ψ , φ jet ), the rapidities (y J/ ψ , y jet ) and the transverse momenta (k J/ψ , k jet ), one can write the differential cross section as follows :
Charmonium production in the Non Relativistic QCD formalism
The NRQCD formalism is based on the static approximation. Basically, one postulates that the charmonium production can be factorized into two parts. First, the production of an onshell cc pair is computed using the usual Feynman diagram perturbative methods. Then their binding into a charmonium state is encoded in a non-perturbative quarkonium wave-function. Said wavefunction is expanded in terms of the relative velocity v ∼ 1 logM of the quarkonium's constituents. In the case of an S-state charmonium J/ψ with zero orbital momentum one expands it as follows :
The first term in this expansion corresponds to the production of a quarkonium from a cc pair in a color singlet S (1) state. Due to charge parity conservation, the emission of an additional gluon must be taken into account in the hard part. However, in the second term this additional gluon is included in the wavefunction so it does not appear in the hard part which will then contain only the production of a cc pair in a color octet S (8) state. In the inclusive process studied here and to the first order in v, both contributions should be included in the cross section.
The color singlet contribution
In this case, the hard part consists of six Feynman diagrams, of which two are illustrated in Fig. 2 , computed using the color singlet cc to J/ψ transition vertex obtained from the NRQCD expansion
In this equation, i and j are color indices, α and β are spinor indices, while ε J/ψ and k J/ψ are respectively the J/ψ polarization vector and momentum. The 1 4Nc factor comes from the projection on spinor indices and on the color singlet. We denote as m the charm quark mass and M the mass of the meson. In the lowest orders in NRQCD one can assume that M = 2m. One also assumes that the quark and the antiquark carry the same momentum q, so that k J/ψ = 2q, with q 2 = m 2 . The operator O 1 arises from the non relativistic hamiltonian, and its vacuum expectation value can be fixed by a fit to data. Indeed, it appears for example in the J/ψ → µ + µ − decay rate. Figure 2 . Two examples out of the six diagrams contributing to J/ψ production from a cc pair in the color singlet state.
The color octet contribution
The computation of the hard part in the color octet case [24, 25] is done in a similar way. It consists of three Feynman diagrams, with two examples shown in Fig. 3 . We use the color octet cc to J/ψ transition vertex
where the vacuum expectation value of O 8 needs to be determined using experimental data. Figure 3 . Two examples out of the three diagrams contributing to J/ψ production from a cc pair in the color octet state.
The color evaporation model
While the NRQCD formalism relies on a postulated factorization, the CEM relies on the socalled local duality hypothesis. One assumes that a heavy quark pair QQ , with an invariant mass below twice the one of the lightest meson that contains a single heavy quark, will produce a bound QQ state in 1 9 of the cases, independently of its color. The
c −1) factor accounts for the probability for the quark pair to eventually form a colorless state after a series of randomized soft interactions between its production and its confinement. In the case of a charm quark, the upper limit for the invariant mass corresponds to the threshold 2 m D for the production of a pair of D mesons. The resulting bound state will correspond to any possible heavy quarkonium. One assumes that the repartition between them is universal. In other words the cross section for the production of a J/ψ meson will be a fraction F J/ψ of the cross section for the production of a cc pair with an invariant mass M between 2m c and 2m D , summed over spins and colors
Where F J/ψ is supposed to be process-independent and needs to be fitted to data. The diagrams to be computed are similar to the color octet case. Let us however emphasize that the quark and the antiquark no longer carry the same momentum, as required to cover the whole range in allowed invariant masses. This is illustrated in Fig. 4 .
Numerical results
We can now combine the leading order charmonium production vertex obtained above with the BFKL Green's function and the jet vertex. Our implementation is very similar to Ref. [15] , in Figure 4 . Two examples out of the three diagrams contributing to J/ψ production in the color evaporation model. particular we use the next-to-leading order jet vertex and the BFKL Green's function at nextto-leading logarithmic accuracy and we use the same scale setting. We note that to perform a complete next-to-leading order study of this process, one would need to compute the NLO corrections to the charmonium production vertex, which could be sizable. In Fig. 5 we show our results for the cross section as a function of the rapidity separation between the jet and the J/ψ, Y ≡ y J/ψ − y jet . We use the rapidity cuts 0 < y J/ψ < 2.5 and −4.5 < y jet < 0, which are similar to the acceptances for J/ψ and jet tagging at ATLAS and CMS for example.
Here we fix |k J/ψ | = |k jet | ≡ p T and we show results for p T = 10, 20 and 30 GeV. For the NRQCD calculation we use the same values for O 1 and O 8 as in Ref. [26] , where they were determined by comparing a k t -factorization calculation with experimental data. The value of the CEM parameter F J/ψ extracted from data depends on several details of the calculation, such as the PDF parametrization used. In Ref. [27] , values between 0.0144 and 0.0248 are quoted.
Here we use a value of 0.02 which is approximately in the center of this interval. We observe from Fig. 5 that in the NRQCD formalism the color singlet contribution is almost negligible compared to the color octet contribution. The cross section in the color evaporation model is of the same order of magnitude as in the NRQCD case, but the two calculations seem to have different behaviours with the kinematics: the decrease of the cross section with increasing Y is slightly more pronounced in the NRQCD approach, while the CEM calculation shows a stronger variation with p T .
